The aim of this study was to develop allometric equations for the estimation of above-ground biomass components of Calabrian pine (Pinus brutia Ten.) tree in the Mediterranean Region of Turkey. Using regression analysis, different allometric equations were fitted for the tree components of the above-ground biomass using diameter at breast height (dbh) and tree height as estimators. Two hundred and ninety-two trees between 0.4 and 63.0 cm in dbh were randomly sampled throughout 292 natural, pure Calabrian pine stands in Turkey's Mediterranean Region, where it forms diverse stand structures. Finally, the allometric equations were developed for the tree components of the Calabrian pine tree for the stem, bark, branch, needle and total above-ground biomass. The stem, bark and total biomass equations explained more than 90% of the observed variability, while the branch and needle biomass equations explained 82% and 65%, respectively.
glu, 1988), beech (Saracoglu, 1998) and oak (Durkaya, 1998) . In fitting the biomass equations for Calabrian pine (Durkaya et al., 2009) , Scots pine and alder, diameter at breast height (dbh) and tree height (h) were used as independent variables, while in the other biomass equations, only diameter at breast height was used as an explanatory variable. Furthermore, several studies have been carried out to determine the fuel loading capacities of several domestic pine species in Turkey (Kucuk et al., 2007; Mitsopoulos et al. 2016 ).
The aim of this study was to develop above-ground biomass equations and to estimate the whole tree biomass and the biomass of different tree components of the Calabrian pine growing in the Mediterranean Region of Turkey.
MATERIALS ANd METHOdS

MAtERIJALI I MEtODE
Study area -Područje istraživanja
The study area comprised the forests of the Mediterranean Region, located in the south of Turkey ( Fig. 1 ) (36°00'-37°30'N, 29°20'-35°00'E). The elevation ranges from 80 to 1114 m above mean sea level. The study area was covered by forest (56%), agricultural (45%), pasture land (23%) and settlement (30%) land use types. The forested lands consist of Calabrian pine (78%), black pine (23%), Lebonan cedar (30), oak species (12%) and oriental beech (2%) stands. The area has a Mediterranean climate with hot and humid summers and rainy, warm winters. The average temperature is 17.7 °C with a min -4.0°C and max 45.0°C temperature. The total annual average precipitation is 1069.8 mm. The main geological main rock is lime stone that producing redbrown Mediterranean soils throughout the area.
data sampling -Prikupljanje podataka
Pure Calabrian pine stands covering different site classes at different development phases were utilized in order to estimate the above-ground biomass. A total of 292 sample plots representing trees from different growing sites, stand densities, and stand ages were randomly selected. Traits of trees in each circled shape sampling plot ranging from 200 to 2000 m 2 were measured. One sample tree representing average basal area within each sampling plot was cut down and the above-ground biomass was separated into stem, branches and needles. The stem was sectioned into one meter apart. A 5 cm wide wood disk from each section was cut for the carbon analysis. The bark thickness and dbh of each section was measured and recorded. The sections were also Figure 1 . Location of study area Slika 1. Prikaz područja istraživanja weighted using a portable scale. Three live branches, one from the lowest part of the crown, one in the middle and one at the top of the crown were randomly selected. The length and dbh of each selected branches then were measured and weighted. The needles of each selected branches were removed and weighted. The 5-cm wood disks, selected branches and needles were taken to the labs and air dried for further wood density and carbon analysis. The air dried samples were then oven dried at 105 °C for 24 hours.
The total dry biomass of the sampled tree was calculated using the following equation:
Eq.1
Where;
DW i is the dry-weight of each tree component (stems, branches and needles), FW i is the total fresh weight of each component, fws i is fresh weight of the sample, and dws i denotes dry weight of the sample, respectively. The i represents each tree component, stems, branches and needles, respectively.
Statistical analysis -Statistička analiza
There were two kinds of equations (univariate and multivariate) for estimating the above-ground tree component biomass (Nordman et al., 2005) . The univariate allometric equations are based on the diameter at breast height. On the other hand, multivariate equations use tree height, tree crown length and tree crown width in addition to dbh to estimate the above-ground tree biomass.
In practice, the measurement of dbh and tree height are much easier and less time consuming than measuring tree height, crown length, crown width, and dbh all together. Because of that the allometric equations based on dbh and tree height were chosen (Table 1) . Using dbh and tree height, 12 different allometric equations (Table 1) were tested for the prediction of the above-ground biomass of Calabrian pine. These allometric equations were used for the stem, branches and needles separately. The allometric equations presented in this study then were fitted using linear and nonlinear regression analysis.
Model Evaluation -Evaluacija modela
To select the best models for each tree components of the above-ground biomass, the following criteria were utilized using SPSS statistical software package: a) coefficient of determination (R 2 ), b) residual standard error (RSE), and c) p values of estimated parameters. The selected models were sorted in descending order based on R 2 and given a highest rank score for the highest R2 model. The models were sor- 
Equation number
Broj jednadžbe ted in ascending order based on RSE and the highest score was given to the lowest RSE model. Any models that had a p-value greater than 0.05 or any models' p-value of estimated parameters that was greater than 0.05 were eliminated.
The R 2 and RSE rank scores were summed and the model that had the highest total score was selected as the best fit allometric equation for estimating above-ground biomass for each tree component. 
RESULTS ANd dISCUSSION
REZULtAtI I RASPRAVA
The descriptive statistics of 292 sample trees' traits were depicted in Table 2 . The average dbh and tree height for the study area were 24.6 cm and 13.9 m, respectively. The observed values of the above-ground biomass for the tree components were plotted against the dbh in Figure 2 . It can be observed that the above-ground biomass values strongly follow an exponential relationship between dbh and tree height for all components.
Using dbh and tree height, the 12 different allometric equations were tested and the results were shown in Table 3 for the tree components above-ground biomass. The results of regression analysis showed that both estimators used in the selected models were statistically significant (p<0.05) (Table 3). However, the coefficients of parameters of the model numbers 3, 4, 6, 7 and 8 for branches, the model numbers 3, 4, 6, 7 and 8 for barks, the model numbers 3, 4 and 7 for stems and the model numbers 3, 4, 6, 7 and 8 for needles were not significant estimators (p > 0.05). Therefore, the above models were eliminated and excluded from the final model evaluation. 
RESULTS OF MOdEL EvALUATION
REZULtAtI VREDNOVANJA
The results of the regression analysis of the 12 allometric equations (Table 3) showed that the model number 2 was the best fit (R 2 =0.82, RSE= 0.80) and the model number 9 was the least fit model for the branch biomass estimation (R 2 =0.71, RSE= 1.10). For estimating needle biomass, the model number 10 was the strongest fit (R 2 =0.65, RSE= 0.73) and the model number 11 was the weakest fit (R 2 =0.58, .91, RSE= 0.57) was the least fit model for estimating the total above-ground biomass of Calabrian pine tree. Table 4 depicts the fitting statistics of the selected allometric equations for estimating above-ground biomass of each tree components.
One of the advantages of the fitted allocation equations was to provide accurate estimation of above-ground tree biomass if an adequate statistical sampling design and large number of sample size (>100 trees) were taken as reported by Chave et al. (2004) and Miguel et al. (2014) . Many researches (Sun et al. (1980) , Bilgili and Kucuk (2009 ), Durkaya et al. (2009 ), and Zianis et al. (2011 ) estimating the Calabrian pine tree' above-ground biomass were taken small number of samples (14, 35, 33, and 12, respectively) . Miguel et al. (2014) took 201 sample trees, whereas in this study, a total of 292 trees were randomly selected for precise estimating of above-ground biomass of tree components.
The size distribution of this study (ranged from 0.40 cm to 62.0 cm) was wider than any other studies in the region (Miguel et al. 2014: 2.3-55.8 cm; Sun et al. 1980: 9.0-39.8 cm; Bilgili and Kucuk 2009: 13.0-19.0) . The dbh and large sample variability of sample trees in size increase fitting between observed and predicted values and provide unbiased biomass estimates for the smaller trees (Navar 2009).
However, inclusion of trees that less than 8.0 cm in this study helps unbiased prediction of fire behavior about forest fuels in the fire-prone Calabrian pine stands (Bilgili and Kucuk 2009; Matropolous et al. 2016 ).
The correlation between biomass and dbh and/or tree height were found strong as expected and reported on the other studies (Ketterings et al. 2001) . However, inclusion of the tree height as the second estimator decreased residual variation by % 4 for branches, % 0.2 for needles, % 5 for barks, % 8 for stems, and % 8 for total tree biomass, respectively. Therefore, caution should be given when using the dbh as a single estimator in the above-ground biomass equations (Chave et al. 2005) .
We found the similar fluctuations between the independent variables for the needle biomass estimation with other studies (Grigal and Kernik, 1984; Miksys et al., 2007) . On the other hand, the correlations between observed and predicted values of branches and needle biomass were relatively low. These differences were attributed to the nonstandard treatments of each forest stand throughout the entire study area.
The coefficient of determination and residual standard error values of this study and de Miguel et al. (2014) were depicted in Table 5 for model performance comparison. Our models were estimated the stem and total tree biomass better than that of de Miguel et al. (2014) As depicted in Figure 4 , the total tree biomass estimation using dbh and tree height as double-entry estimators varied amongst the researchers studying the Calabrian pine tree growth in the Mediterranean region. Durkaya (2009) and de Miguel et al. (2014) for Syria and Lebanon were underestimated the total tree biomass comparing the estimation results from this study for dbh values less than 35 cm. Thus, de Miguel et al. (2014) 's model for estimating total tree biomass in the MiddleEast was better than any other models for the less than 35 cm dbh range. The diameter at breast height values that were more than 35 cm were overestimated by de Miguel et al. (2014) for the MiddleEast and Durkaya (2009) and were underestimated for Syria and Lebanon from our models. However, our above-ground biomass estimations were accurate and nonbiased.
CONCLUSION RASPRAVA
We have shown that above-ground biomass equations for Calabrian pine trees could be used for estimating individual tree component biomasses. A system of five biomass equations (stem, bark, branch, needle and total biomass) was developed. The stem, bark and total biomass equations explained more than 90% of the variability of the observed data, while the branch and needle biomass equations accounted for 82% and 65%, respectively. In this study, bark and stem biomass were separately estimated so that their contribution to the total tree biomass could be explained more accurately. We can conclude that our above-ground and tree components biomass estimations were accurate and nonbiased. For more accurate estimation of branch and needle biomass, it would be advisable to add other tree parameters such as crown length and/or crown diameter to fit the data.
